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(g) Lens array and close contact type image sensor using the same. 



I This specification discloses a lens array hav- 
ing a lens element body comprising a plurality 
of lens elements arranged, and an overlap limit- 
ing member provkJed between the lens ele- 
ments of tiie lens element body for limiting tiie 
overiap of images by the plurality of lens ele- 
ments. The specification also discloses a dose 
contact type image sensor which uses the lens 
array as an optical element array for directing 
reflected light from an original and which has a 
transparent member for supporting the original, 
a light source for illuminating the original, and a 
sensor array for photoelectrically converting 
the image of the original. 



FIG. 1 
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BACKGROUND OF THE INVENTION 

Field of th Invention 

Tills invention relates to a lens array and a close 5 
contact type image sensor using the same. The iens 
array of the present invention is particularly suitable 
for use in a dose contact type image sensor adapted 
to be in dose contact with an original and effect read- 
ing. 10 

Related Background Art 

Figure 14 of the accompanying drawings is a 
cross-sectional view showing the structure of a dose is 
contact type image sensor according to the prior art. 
As shown in Figure 14, a sensor unit is comprised of 
a sensor module (constituting a sensor array) 4 com- 
prising a sensor IC 1 having a plurality of pixels for ef- 
fecting photoelectric conversion arranged, protective 20 
film 2 and a substrate 3 having these mounted there- 
on, an LED array 5 which is a light source for illumin- 
ating an original, a lens element body (constituting a 
lens array) 6 for forming the image of the original on 
the light receiving portion of the sensor, a transparent 25 
member 7 In close contact with the original 9 to sup- 
port It, and a frame 8 supporting these members. 

As regards the operation of the above-described 
close contact type image sensor, the original 9 is illu- 
minated by the light source (LED array 5), diffused re- 30 
fleeted tight on the read line of the original is Imaged 
on the pixel array of the sensor by the lens element 
body 6, the light and shade information of the original 
had by the reflected light, i.e., the intensity of the 
light, is converted into an electrical signal by the indi- 35 
vidua! sensor pbcels and is delivered in the main scan- 
ning direction. The relative position of the original and 
the sensor pixel array is then moved in the sub-scan- 
ning direction and the data delivery in the main scan- 
ning direction is repeated to thereby convert two-dl- 40 
mensional image Information into a time-serial elec- 
trical signal. 

As the tens element body, use can be made, for 
example, of one comprising a plurality of lens ele- 
ments each having a refiractive index distribution In a 4S 
direction orthogonal to the optical axis. More specif- 
ically, use can be made of one comprising a number 
of optical fibers each having a refiractive Index distrib- 
ution in a direction orthogonal to the optical axis and 
arranged on a straight line, and since the individual so 
optical fibers exhibit a tens action, the lens element 
body as a whole acts as a small and long imaging 
lens. Figure 15 of the accompanying drawings shows 
the opening portions of the lens element body, and is 
a view of the lens element body 6 as it is seen from 55 
the sensor module 4 side. In Figure 15. the reference 
character 6a designates the opening portions of the 
lens lem nt body, th reference charactere 6b and 



6c denote support plat s.andtheref rence character 
6d d signates a m mber of r sin or th like holding 
the lens lements. 

In th above-d scrib d xample f th prior art, 
however, a lens element body, i.e., a double-eye lens, 
is used as the imaging lens and therefore, image 
overlap occurs and the combined angle of opening 
beoonnes great, and this has led to a problem that the 
depth of field is shallow and the quality of image is de- 
teriorated when the original is bent or is uneven with 
cuts sticked thereon. Also, in aflat bed scanner or the 
like as shown In Figure 19 of the accompanying draw- 
ings, it has been impossible to read a spread of a book 
or the like and the use of the sensor has been limited. 

The manner of Imaging will now be described with 
a grated index type optical fiber lens array as shown 
in Figures 16A and 16B of the accompanying draw- 
ings taken as an example of the lens element body. 
As shown in Figure 16A, individual lens elements lm> 
age erectiy at one to one magnification an area of di- 
ameter Xo on the surface of an original on the surface 
of the sensor. A numt>er of such lens elements are ar- 
ranged on a straight line as shown in Figure 16B, 
whereby the images of the Individual lens elements 
are overlapped to thereby form a long image surface. 
The depth of field when an image is formed by the 
combination of the images of a plurality of lens ele- 
ments is considered as follows. When as shown in 
Figures 17Aand 17B of the accompanying drawings, 
a certain point (object point P) and Its image q are 
supposed, a larger number of lens elements con- 
cerned in imaging leads to a result that the combined 
angle of opening B' becomes greater than the angle 
of opening 9 of each individual lens element and the 
blur B of the image q becomes greater relative to the 
movement 5L of the object point P*. That is, the depth 
of field as the lens element body becomes shallow as 
compared with the depth of field of each Individual 
lens element Figure 18 of the accompanying draw- 
ings shows the relation between the number of lens 
elements concerned in imaging and the depth of field, 
t-lere, a parameter which is the overlap degree m = 
X/D is introduced by the diameterXof the image and 
the diameter D of each lens element to thereby rep- 
resent the number of lens elements concerned In inv 
aging. The depth of field can be improved by making 
the angle of opening e of each individual lens element 
smalt, but in this case, the optical path length TC (P- 
q) becomes great, and when such lens element body 
Is used In a close contact type image sensor as in the 
example of the prior art, the body becomes bulky. 
Also, the quantity of light reaching the image surface 
decreases remarkably and the burden applied to the 
light source becomes great. Further, such a lens ele- 
ment t>ody having a great depth of field is expensive. 
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SUMMARY OF THE INVENTION 

An mbodimentofth pres ntinv ntion provides 
a I ns array and/or a clos contact typ imag sensor 
having a great combined deptii of field. 

A iens array according to an embodiment of tlie 
present invention is provided with a lens element 
body comprising a plurality of lens elements ar- 
ranged, and an overlap limiting member provided be- 
tween the lens elements of said lens element body for 
limiting the overlap of images. 

Also, a close contact type image sensor accord- 
ing to a first embodiment of the present invention is a 
close contact type image sensor provided with a 
transparent member for supporting an original, a light 
source for fliumlnating said original, an optical ele- 
ment array for directing reflected light from said orig- 
inal, and a sensor array for photoelectrically convert- 
ing the directed image of the original, characterized 
in that the lens array of the above-described embodi- 
ment is used as said optical element array. 

Also, a close contact type Image sensor accord- 
ing to a second embodiment of the present invention 
is characterized In that in the dose contact type im- 
age sensor of the above-described first embodiment, 
an overlap limiting member having a plurality of open- 
ing portions corresponding to the respective lens ele- 
ments is installed between the lens element body and 
the sensor array so that the optical axis of each lens 
element and the center of each of said opening por- 
tions may coincide with each other. 

Also, a close contact type image sensor accord- 
ing to a third embodiment of the present Invention is 
characterized in that in the dose contact type image 
sensor of the above-described first embodiment said 
overlap limiting member has a plurality of light trans- 
mitting members corresponding to the lens elements, 
and the space between adjacent ones of said light 
faransmitting members Is shielded from light. 

The lens array is preferably such that in a lens 
element body comprising a plurality of lens elements 
arranged, there is provided an overlap limiting menrv 
ber for limiting the overlap of the Images between the 
lens elements, to thereby decrease the number of 
lens elements concerned In imaging without Increas- 
ing the optical path length, that is, for example, make 
the overlap degree m in Figure 18 small and Improve 
the combined depth of field as the lens element body. 
The quantity of transmitted light decreases in accor- 
dance with a decrease in the number of lens elements 
concerned in imaging, but the rate of decrease is 
snnall as compared with a case where the angle of 
opening of each individual lens element is made 
small. Also, the close contact type image sensor of 
the first embodiment of the present invention uses 
the above-described lens array of the present inven- 
tion as an Imaging optical system, whereby it be- 
com s a compact and low-cost sensor having a gr at 



d pth of field. 

Th dos contact typ images nsorofth s c- 
ond embodiment of th pres nttnventi n Is such that 
inth clos contact typ imag s nsor of the above- 

5 describ d first embodiment of the present invention, 
an overlap limiting member having a plurality of open- 
ing portions correspondinjg to the respective lens ele- 
ments Is Installed t>etween the lens element body and 
the sensor array so that the optical axis of each lens 

10 element and the center of each of said opening por- 
tions may coincide with each other, to thereby suit- 
ably set the position of each of the opening portions 
of the overlap limiting member (the position between 
the lens element body and the sensor array) and the 

15 diameter of each opening portion, thereby controlling 
the overlap of images so as to become small and Im- 
proving the depth of field. 

Also, the close contact type image sensor of the 
third embodimentof the present invention is such that 

20 in the close contact type innage sensor of the above- 
described first embodiment of the present Invention, 
said overlap limiting member has a plurality of light 
transmitting membere corresponding to the lens ele- 
ments and the space between adjacent one of said 

25 light transmitting members is shielded from light to 
thereby control the overlap of images between the 
lens elements so as to become small and improve the 
depth of field, as in the dose contact type image sen- 
sor of the above-described second embodiment of 

30 the present Invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a cross-sectional view of a first enrv 
35 bodiment of the close contact type image sensor of 
the present Invention. 

Figures 2A and 2B are an enlarged view and a 
functional lllustratbn, respectively, of an overlap lim- 
iting member in Figure 1. 
40 Figure 3 shows the external appearance of the 

overlap limiting member. 

Figure 4 shows the external appearance of an 
overlap limiting member of another construction. 

Figure 5 Is a cross-sectional view of a second em- 
45 bodiment of the dose contact type image sensor of 
the present invention. 

Figures 6A and SB are an enlarged view and a 
functional Illustration, respectively, of an overlap lim- 
iting member in Figure 5. 
50 Figure 7 is a pictorial perspective view of the 

overlap limiting member. 

Figure 8 is a pictorial perspective view of an over- 
lap limiting member of another construction. 

Figure 9 is a pictorial perspective view of an over- 
55 lap limiting member of still another construction. 

Figure 10 Is a cross-sectional view of a third em- 
bodiment of the close contact type image sensor of 
th pres nt invention. 
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Figures HAand 11B are an enlarged view and a 
functional illustration, rsspectiv iy, ofan v rlaplinv 
itlng member In Figure 10. 

Figure 12 is a pictorial p rsp ctiv vi w of th 
overlap limiting member. 5 

Figure 13 is a pictorial perspective view of an 
overlap limiting member of another construction. 

Figure 14 is a cross-sectional view showing the 
structure of the dose contact type image sensor of 
the present invention. io 

Figure 15 shows the external appearance of a 
lens element array (grated index type optical fiber 
lens array). 

Figures 1 SAand 1 6B are functional DIustratlons of 
the lens element body (grated index type optical fiber is 
lens array). 

Figures 17Aand 17B illustrate the depths of field 
of a lens element and a lens element body. 

Figure 18 is a graph showing the relation be- 
tween the overlap degree m and the depth of field of 20 
the lens element body. 

Figure 1 9 shows an example of the use of a sen- 
sor having a great depth of field. 

DETAILED DESCRIPTION OF THE PREFERRED 25 
EMBODIMENTS 

Embodiments of the present invention will here- 
inafter be described in detail with reference to the 
drawings. so 

(First Embodiment) 

Figure 1 is a cross-sectional view of a first em- 
bodiment of the close contact type image sensor of 35 
the present invention. Figure 2A is a sut>scanning 
cross-sectional view of the portion of the first embodi- 
ment of the present invention in which an overlap lim- 
iting member is provided, and Figure 2B is a main 
scanning cross-sectional view of the same portion. In 40 
Figures 1, 2Aand 2B, the same constituent members 
as the constituent members of Figure 1 4 are given the 
same reference characters and need not be descri- 
bed. As shown in Figures 1, 2Aand 2B, in the present 
embodiment an overlap limiting member 1 0 is provid- 45 
ed in the sensor side opening portion of a lens ele- 
ment body 6 comprising a plurality of erectone-to-one 
magnification imaging type lens elements arranged 
(in the present embodiment, the lens element body 6 
and the overlap limiting member 10 together consti- so 
tute a lens array) to limit the overlap of images be- 
tween the lens elements and make the imaging diam- 
eter small to thereby make the combined angle of 
opening as the lens array small and improve the conrv 
bined depth of field. Figure 3 shows the external ap- 55 
pearance of the overlap limiting member. In this case, 
the overlap limiting member is of a shape in which 
light transmitting windows 10' of a diameter 0 ar 



formed in a film-like opaque member at a pitch equal 
to a I ns pitch D, and th image diameter X is control- 
led by th siz ofth window diameter 0. 

Th overlap limiting m mber may b stick d n 
th lens element body or directly printed on the lens, 
or may be provided on a frame 8 side. However, the 
coefficient of thermal expansion of the frame 8 need 
be adjusted to that of the lens element body 6 so that 
the relative positron of the lens element body 6 and 
the firame 8 may not be*varied by temperature. The 
shape of the frame may be any shape effective to limit 
the overlap of images between the lens eiemente. 

Also, the shape of the overlap limiting member 
may be any shape effective to limit the overlap of inv 
ages between the lens elements. Figure 4 shows an- 
other shape of the overlap limiting member. In this 
case, the effect of an improvement in the depth of 
field is obteined only in the main scanning direction. 

(Second Embodiment) 

Figure 5 is a cross-sectional viewof a second em- 
bodiment of the dose contact type image sensor of 
the present Invention, in Figure 5, the reference char- 
acter 12a designates an overlap limiting member, and 
the reference character 12b denotes a spacer for pre- 
scribing the position thereof. (In the present embodi- 
ment, the lens element body 6, the overlap limiting 
member 12a and the spacer 12b together constitutes 
a lens array.) In the present embodiment, in contrast 
with the constructton of the first embodiment, the 
overlap limiting member is provkied with a predeter- 
mined distance t relative to the lens element body 
with the spacer interposed therebetween. The other 
members are the same as the constituent members 
of Figure 1 and therefore are given the same refer- 
ence characters and need not be described. 

Figure 7 is a pictorial perspective view of the 
overlap limiting member. The limitation of the overlap 
of images is effected by the diameter 0 of windows 
12' and the thickness t of the spacer, as shown in Fig- 
ures GAand 6B. If the overlap of images is limited by 
the diameter 0 of the windows, the combined angle 
of opening of the lens element body will become small 
and the quantity of light transmitted to the image sur- 
face will decrease and therefore, the limitetion by the 
thickness t of the spacer Is more effective, but in this 
case, if the thickness t of the spacer is made too 
great, the images of the adjacent lens elements will 
leak in and the effect of an improvement in the depth 
of field will be lost So. if as shown in Figure 8, a 
spacer 13b is made Into a grating-like configuration, 
the leaking light will be intercepted, whereby the ef- 
fect of an improvement in the depth of field will be- 
come great. Put her, the construction of Figure 9 in 
which the spacer and the overlap limiting member are 
made integral with each other is possible. Further- 
more, th overlap limiting member may be directly 
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made in the sensorframe. As in the first mbodiment, 
th coeffici nt of thermal expansion f th ov riap 
limiting member n d be adjusted to that of th I ns 
I m nt body so that th position th reof r lativ to 
th lens element b dy may not b varied by temper- 5 
ature. Also, the shape of the windows of the overlap 
limiting member may be any shape effective to limit 
the overlap of images. 

(Third Embodiment) io 

Figure 10 is a cross-sectional view of a third en>- 
bodiment of the close contact type image sensor of 
the present invention. Figure 12 is a perspective view 
showing the construction of a lens array. In Figures is 
10 and 12, the reference numeral 15 designates an 
overlap limiting member, in these figures, the same 
constituent members as those in Figure 14 are given 
the same reference characters and need not be de- 
scribed. The overlap limiting member 15 is of the 20 
same diameter as the lens element body 6 (grated in- 
dex type optical fiber array comprising a number of 
optical fibers each having a refinactive index distrltnj- 
tion in a direction orthogonal to the optical axis and 
arranged on a straight line), and is comprised of outer 25 
frames 1 5b, 15c and a light transmitting member 15a 
having its outer peripheral portion shielded from light, 
and the light transmitting member is manufactured 
with the step of endowing it with a refractive index dis- 
tribution omitted in the manufacturing process of an 30 
optical fiber lens array. The reference character 6a 
denotes lens elements, and the reference characters 
6b and 6c designate outer frames. Such an overlap 
limiting member 15 is equal in its outside dimensions 
inclusive of the light transmitting member to the lens 3S 
element body, and can be mounted on each lens ele- 
ment at 1 : 1 without any pitch deviation. Also, the ma- 
terials of the members are the same and therefore, no 
pitch deviation is caused for any variation in temper- 
ature. Also, manufacture may be made with the light 40 
transmitting member 15a made coincident with the 
outer frames 6b, 6c of the lens element body. 

That part of the light transmitted through the lens 
elements which spreads outwardly is absorbed by the 
inner wall of the overlap limiting member 15 to there- 4S 
by limit the overlap of images. The overlap limiting 
member 1 5 has its thickness t varied as shown in Fig- 
ures 11 A and 11B to thereby control the radius X of 
images and also limit the overlap of images. Also, 
since the diameter of the light transmitting windows of so 
the overlap limiting member is equal to the diameter 
of the lens elements, the decrease in the quantity of 
light transmitted to the image surface is small. 

Figure 13 is a perspective view showing another 
construction of the overlap limiting member. In order 55 
to achieve a purpose similar to that of the overlap lim- 
iting member of Figure 10, this overlap limiting mem- 
b r comprises a number of blocks of I ight transmitting 



membere having a shorter side a quel to the dianr)- 
eter D of th lens 1 m nts and coupled tog ther In 
a straight line form by a light Intercepting adh siv 
agent, and the short r side a is made coincident with 
the diameter D of the lens el ments and the blocks 
are installed in the opening portions of the lens ele- 
ment body, whereby the overlap of images between 
the lens elements is controlled. 

As described above, according to the lens array 
and close contact type image sensor of the present 
invention, an overlap limiting member is provided be- 
tween lens elements, whereby the combined angle of 
opening as the lens array can be made small and the 
combined depth of field can be improved. According- 
ly, the Image sensor becomes difficult to be affected 
by the unevenness or floating of an original and the 
application thereof to aflat t>ed scanner orthe like be- 
comes possible, and the range of use of the sensor 
can be widened. 

Also, the sensor can be made lower in cost and 
more compact than when use is made of an expen- 
sive lens array having a great optical path length, and 
conventional parts can be emptoyed and this leads to 
the standardization of parts which in turn leads to the 
possibility of reducing the manufacturing cost. 

Also, according to the close contact type image 
sensor of the present invention, an overlap limiting 
member having a plurality of opening portions corre- 
sponding to lens elements Is installed between a lens 
elennent t>ody and a sensor array so that the optteal 
axis of the lens elements may coincide with the cen- 
ter of each of said opening portions, whereby the 
overlap of images between the lens elements can be 
limited and thus, as compared with a case where use 
is made of a lens array of the conventional long focus 
type, there can be realized a close contact type Image 
sensor which is compact and low in cost as well as 
great in depth of field. 

Also, according to the close contact type image 
sensor of the present invention, the overlap limiting 
member has a plurality of light transmitting members 
corresponding to lens elements and the space be- 
tween adjacent ones of the light transmitting mem- 
bers is shielded from light, whereby the overlap of inv 
ages between the lens elements can be limited and 
thus, as compared with a case where use is made of 
a lens array of the conventional long focus type, there 
can be realized a dose contact type image sensor 
which Is compact and low in cost as well as great in 
depth of field. 



Claims 

1. A lens array comprising: 

a lens element body comprising a plurality 
of lens elements arranged, and an overlap limit- 
ing m mber provided betw en the lens lem nts 
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f said lens lement body for limiting the overlap cally transmissive means having a graded refrac- 

f images by said plurality of I ns lements. tiv index. 

2. A cios contact typ imag s nsor comprising a 10. A iens array according to any on f daim 6 to 
transparent member for supporting an original, as 9 in which the limiting m ans comprises an optic 
light source for illuminating said original, an opti- fibre. 

cal element array for directing reflected light from 
said original, and a sensor array for photoelectri- 
cally converting the directed image of the origi- 
nal, characterized In that said optical element ar- io 
ray is a lens array comprising a lens element 
body comprising a plurality of lens elements ar- 
ranged, and an overlap limiting member provided 
between the lens elements of said lens element 
body for limiting the overlap of inr^ges by said is 
plurality of lens elements. 

3. A close contact type image sensor according to 
Claim 2, wherein an overlap limiting member hav- 
ing a plurality of opening portions corresponding 20 
to the lens elements is installed between said 

lens element body and said sensor array so that 
the optical axis of each of said lens elements may 
coincide with the center of the each of said open- 
ing portions. 2S 

4. A close contact type image sensor according to 
Claim 2, wherein said overlap limiting memt>er 
has a plurality of light transmitting members cor- 
responding to the lens elements, and the space 30 
between adjacent ones of said light transmitting 
members is shielded from light. 

5. A dose contact type image sensor according to 
Claim 4, wherein each ofsaid lens elements com- 35 
prises an optical fiber having a refractive index 
distribution in a direction orthogonal to the optical 

axis thereof, and each of said light transmitting 
members comprises an optical fiber not having a 
refractive index distribution in t he direction ortho- 40 
gonal to the optical axis. 

6. A lens array, e.g. for an image sensor, comprising 
a plurality of lens portions arranged side-by-slde 

and limiting means to limit the amount of overlap 4S 
between images formed by different said lens 
portions. 

7. A lens array according to daim 6 in which the llnn- 

tting means comprises means to obstruct some of so 
the light output from the lens portions. 

8. A lens array according to claim 6 or claim 7 In 
which the limiting means comprises an iris or 
other aperture-limiting member. ss 

9. A lens array according to any one of daims 6 to 
8 in which the limiting means comprises an opti- 
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FIG. 10 
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FIG. 12 
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FIG. 14 
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FIG. 16A FIG. 16B 
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FIG. 19 
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